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The s o lu b i l i t i e s  o f phenazlne, phenanthrene» fluorene, acrid ine ,  
dibenzofuran, and fluorenone in entrainer-doped su pe rc r it ica l  carbon 
dioxide were measured using a flow technique. The carbon dioxide  
solvent was doped with acetone (1 .0  and 2.5 mol X) or methanol (1 .0 ,
2*5, 3.9, and 5.2 mol %). The s o lu b i l i t i e s  were measured at 323 K (one 
acrid ine  system a lso  at 343 K) and pressures ranging from 9*41 to 55.2 
MPa. The enhancement fac to r ,  E, which is  the ra t io  of the actual 
s o lu b i l i t y  y2 to the p a rt ia l  pressure of the so lute, was calcu lated for  
each system studied and plotted versus solvent density. For each 
system the so lu b i l i t y  o f the compound in entralner-doped carbon dioxide  
was compared to i t s  s o lu b i l i ty  in pure carbon d ioxide.
The re la t iv e  so lu b i l i ty  of an equimolar mixture of phenanthrene 
and benzoic acid in entrainer-doped superc r it ica l carbon dioxide was 
measured. The two solvents used were carbon dioxide with 1.0 mol % 
acetone and carbon dioxide with 2.5 mol % methanol. Measurements were 
made at 308 K and pressures ranging from 12.0 to 28.0 MPa. Results  
were compared to the re la t iv e  s o lu b i l i t y  of the mixture in pure carbon 
dioxide.
A desorption study was done in  which a model compound, 3,4,5  
trlch lorophenol, was desorbed from 20 mesh diotomaceous earth using
lv
supe rc r it ica l ethylene at 323 K and 20.0 MPa. The so lu b i l i t y  o f  3,4,5  
trichlorophenol in ethylene at 323 K and 20.0 MPa was also  measured.
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1. INTRODUCTION
The* enhanced so lub i l i ty  of large organic compounds in super­
c r i t i c a l  fluids shows much promise for useful separations involving 
supercrit ical  solvents* In this study, s o lu b i l i t i e s  of polar (acridine, 
dibenzofuran, and fluorenone) and nonpolar (phenazine, phenanthrene, 
and fluorene) compounds in entrainer-doped supercritical carbon dioxide 
were measured, and compared to their so lu b i l i t i e s  u. .>ure supercrit ical 
carbon dioxide. It was expected that interactions between the polar 
doping agent (acetone or methanol) and the polar compounds may a f fec t  
the so lub i l i ty  of these compounds, while leaving the so lub i l i ty  of the 
nonpolar compounds unchanged. The re la t ive  so lub i l i ty  o f  an equimolar 
mixture o f  phenanthrene (nonpolar) and benzole acid (polar) In 
entrainer-doped supercritical carbon dioxide was measured and compared 
to data from a vsimilar study in which pure carbon dioxide solvent was 
used. The purpose was to determine i f  a better separation o f  the polar 
and nonpolar compounds could be achieved by using the entrainer-doped 
solvent,
A desorption study in which a model compound, 3,4,5 tr ich loro-  
phenoi, was desorbed from 20 mesh diotomaceous earth using supercrit ical 
ethylene was done to study the application of a supercritical f lu id 
separation to environmental problems.
The technique used in these experiments was the well established 
flow technique, using an apparatus developed by Johnston (1 ) .  Tables 
1, 2, and 3 l i s t  solute properties and carbon dioxide solvent densit ies.
1
2Since the entrainer-doped carbon dioxide was very d ilu te  In doping 
agent, the density o f  the doped solvent was assumed to be that of pure 
carbon dioxide fo r  each system. In f in ite  d ilu t ion  of solute In solvent 
was a lso  assumed, meaning that so lu te -so lu te  interactions were 
n eg lig ib le .  Table A indicates which systems were studied in the doped 
solvent experiments.
3Solute Structures and Properties
T a b le  1
Compound Structure 1*1( 10( 2) T b (K )(2 )  u (D ) (3)
Fluorene 389. 566. 0.0
Acridine
r i f  i 384. 618. 2.0
Dibenzofuran 359. 560. 0 .9 (4 )
9-Fluorenone
Benzoic Acid
357. 615, 3.4
395. 522. 1.7
3,4,5
Trichlorophenol 374 548
4Compound
Phenazine
Phenanthrene
Fluorene
Acridine
Acridine
Dibenzofuran
Solute Vapor Pressures
T a b le  2
TOO
323
323
323
323
343
323
106 P8at (MPa)
6.234 (5 )
35.49 ( 6)
122.6  ( 6 )
10.74 (5 )
28.44 (5 )
320.0 (7 )
9-Fluorenone 323 26.97 (7 )
5Table 3
Carbon Dioxide Solvent Density at 323 K
Pressure (MPa) Density (moi/cc) ( 8)
9.41 0.0076
9.75 0.0087
10,44 0.0102
11.13 0.0110
11.82 0,0125
13.20 0.0142
13.90 0.0150
14.58 0.0158
16,60 0.0167
17.33 0.0174
20.78 0.0181
24.23 0.0189
27.67 0.0194
31.12 0.0200
34.57 0.0204
38.01 0.0208
41.46 0.0211
44.90 0.0215
55.20 0.0226
Table 4
Systems Studied in Entrainer-Doped Solvent Experiments
Solvents
Carbon Dioxide with
Solutes Pure
1,0 mol %  
Methanol
2.5 mol X  
Methanol
3.9 mol % 
Methanol
5.2 mol % 
Methanol
1.0 mol % 
Acetone
2.5 mol X  
Acetone
Phenazine X X X
Phenanthrene X X X X X
Fluorene X X
Acridine X X X X X
Dibenzofuran X X Y
9-Fluorenone X X
2. APPARATUS
Overview
Measuring s o lu b i l i t ie s  o f compounds in su pe rc r it ica l  f lu id s  
requires control o f  several operating parameters. The supe rc r it ica l  
f lu id  must be supplied at a constant temperature and pressure. The 
supe rc r it ica l f lu id  and solute must reach equilibrium in a constant 
temperature and pressure environment. The amounts of solute and 
solvent must be accurately measured. The apparatus used to determine 
these s o lu b i l i t i e s  meets these requirements.
Pressurization  and Pressure Control
The solvent in an ordinary dip tube cy linder is  led to a 
Hask.el AG-152 a i r  driven compressor. The solvent storage unit (bomb) 
may be f i l l e d  with solvent and compressed up to 10,000 psig by the 
compressor. The pressure in the bomb is read an Acco Helicoid
pressure gauge. The pressure of the solvent stream exiting the bomb 
i s  contro lled  by a Tescom 26-1021-24 pressure regu lator. This hand 
contro lled  regu lator can maintain a constant outlet pressure of up to 
10,000 psig . This outlet pressure i s  Indicated by a Heise C-56937-R 
pressure gauge with a range of 0-15,000 psig and accurate to ±5 psig .
Equilibrium Control
The solute and solvent are brought to a constant temperature 
by means of a 19 inch t a l l  by 15 inch diameter s t irred  water bath. The 
bath is  kept at a constant temperature by means of a Thermotrol
7
8OH t i l l  P re x u ro  Gouge
Vent
Micrometering
Valve
From G a t 
Cylinder 
V StorageReeervoir
Conetant
Temperature
Both
Comprenor
W it H a t 
Meter
1
Woter
Saturator
F ig u re  1 . S chem atic o f S u p e r c r i t i c a l  E q u ilib r iu m  A p p ara tu s .
9(Hallikainen  Instruments), The Thermotrol provides curient to a heater 
when the bath temperature f a l l s  below the set temperature. The 
Thermotrol emits pulses about once per second for precise temperature 
contro l. Water temperatures from room temperature to upward of 70®C 
are e a s i ly  maintained within 0,1°C, A second heater connected to a 
v a r ia b le  transformer supplies a u x i l ia ry  heat to the bath. The bath 
temperature i s  read from a standard mercury thermometer.
The solvent f lu id  passes through a nine foot c o i l  o f tubing in 
the bath to bring the f lu id  within 0.1*C of the bath temperature (1 ) .
The solvent contacts the so lid  so lute in a tube ca lled  the saturator.
The saturator containing the solute i s  kept at the predetermined 
temperature and pressure in the water bath. The su p e rc r it ic a l  so lution  
comes to equilibrium  in the saturator.
Measurement o f Solute and Solvent
Immediately a f t e r  passing through the sa tu ra to r , the high 
pressure solution is  flashed to atmospheric pressure by passing through 
a small o r i f i c e  micrometering valve (Autoclave Engineering 30-VRM-4872-GA). 
Low flow  rates are achieved through i t s  0,062 inch o r i f i c e .  Smooth flow  
i s  maintained by preventing the so lute from p rec ip ita t in g  inside the 
micrometering va lve . Two cartridge  heaters are in s ta l led  in holes 
d r i l l e d  into the va lve , thus melting any solute that might p rec ip ita te  
in the va lve .
Immediately a f t e r  passing through the micrometering va lve , the 
so lute  i s  precip itated  into a trap which is  Immersed in an ice  bath.
The so lute  is  prevented from escaping the trap by plugging the trap with
10
stee l wool. By weighing the trap accurately before and a fte r  a run, the 
amount o f  so lute co llected  is  determined. The solvent passes through 
the solute trap on to a Precision  S c ien t i f ic  wet test meter. The wet 
test meter shows the to ta l solvent volume that has parsed.
1. PROCEDURE
Preparation for a Run
The saturator was packed by plugging one end with steel wool 
and f i l l i n g  with fine ly  ground solute. The saturator was tapped to 
help the solute s e t t le ,  but the so lid  was not packed down tigh t ly .
Once the saturator was fu l l  the other end was plugged with steel wool. 
A combination o f two f r i t s  were placed on top of the saturator, a 
so lid  f r i t  with three holes on top of a porous f r i t .  The f r i t s  
prevented any entrained so lid  from escaping the saturator with the 
solution and helped prevent clogging in the saturator. Once the 
saturator was connected to the tubing the water bath was raised and 
brought to temperature. The apparatus was allowed to oet at least 
20 minutes to reach temperature equilibrium. The solvent was com­
pressed to a pressure of at least 1000 psig greater than the 
experimental pressure. The micrometering valve was checked to make 
sure i t  was set for a low flow rate , and a waste trap was connected.
The valve at the bottom of the bath was slowly opened and about 
3
0.1 ft  solvent was allowed to pass while the pressure regulator was 
set to the experimental pressure.
Procedure for a Run
At the start of a run the waste trap was removed and a fresh 
weighed trap connected. The flowrate was adjusted so the pressure 
drop across the wet test meter read 0.1 to 0.5 Inches of water. The
11
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orig ina l  wet test meter reading, barometric pressure, wet test meter 
temperature, and wet test meter pressure drop were recorded. The 
experimental pressure was often checked and adjusted, for it varied with 
time. At the end o f  a run the flowrate was lowered and the trap 
removed. The wet test  meter reading was recorded. I f  another run was 
to be done at the same pressure, the new trap was connected and the 
flowrate reset. I f  the experimental pressure was to be changed, the 
waste trap was connected and 0,1 ft^ solvent allowed to pass while the 
experimental pressure was adjusted. The waste trap was removed and a 
fresh weighed trap connected.
Generally three runs were done at a given pressure and solute- 
solvent system. The wet test meter reading and wet test meter pressure 
drop were recorded at the beginning and end of  each run. The barometric 
pressure and wet test  meter temperature were recorded only at the 
beginning and end o f  a series of three runs at a given pressure, i f  
the three runs were done immediately following each other.
The amount o f  solute in the supercritical solution was determined 
by weighing the traps accurately before and a f te r  a run. The traps were 
weighed about 16 hours a f te r  a rut; to allow them to come to fu l l  thermal 
equilibrium. Approximately 0.1 g solute was co l lected during each run. 
The amount of solvent in the supercrit ical solution was converted to 
weight from volumes read on the wet test meter.
4 . RESULTS
Entralner-Doped Solvent Studies
S o lu b i l i ty  data is  presented in Tables 5 through 24 fo r  each 
system studied and compared with s o lu b i l i t ie s  in pure carbon dioxide*
The enhancement factors are a lso  presented. A l l  of the systems 
studied show so lu b i l i ty  enhancement due to the presence of the doping 
agent. The nonpolar compounds phenanthrene and fluorene showed th. 
least enhancement, while the po lar compounds acridine and fluorenone 
showed the greatest enhancement. Phenazine, despite i t s  0.0 D overa ll  
dipole  moment, showed s ign if ican t  (230-r 0%) so lu b i l i ty  enhancement. 
Interactions between the nitrogen atoms in phenazine and the doping 
agent are l ik e ly  the cause, for phenanthrene and fluorene have otherwise 
sim ilar  structures (see Table 1 ).  Phenazine so lu b i l i ty  was enhanced 
even more than the s l igh t ly  po lar dibenzofuran (0.9 D) and about as much 
as fluorenone (3.4 D). Acridine showed by fa r  the greatest s o lu b i l i ty  
enhancement due to the doping agent. The general increase in s o lu b i l i t y  
expressed as a se r ie s :
Acridine > Fluorenone »  Phenazine > Dibenzofuran > Fluorene «  Phenanthrene 
In nearly a l l  cases the s o lu b i l i t y  enhancement for a given solute  
increased as the amount doping agent in the solvent increased.
Figures 2 through 21 represent the log of the enhancement factor  
plotted versus solvent density, a near l in ea r  re lationsh ip . For some 
of the acrid ine systems studied at high pressure (see Figures 12, 15, and 
16) the enhancement factor remains constant or even decreases with
13
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increasing solvent density above a density of about 0.2 mol/cc. This 
trend is  not observed fo r  phenanthrene (see Figure 7) studied under the 
same conditions.
Mixed Solute Study
The data presented in Tables 25 and 26 show s o lu b i l i t i e s  for an 
equimolar mixture o f phenanthrene and benzoic acid in carbon d ioxide  
with 2.5 mol % methanol, and with 1,0 mol % acetone respective ly . Data 
is presented in Table 27 fo r  a s im ilar  experiment done by Kurnlk and 
Reid (9 ) using pure carbon dioxide solvent. S e lect iv ity  is  defined as 
the ra t io  of the benzoic acid s o lu b i l i t y  to the phenanthrene s o lu b i l i t y .  
S e lec t iv ity  i s  plotted versus pressure for  each system in Figures 22,
23, and 24. The se le c t iv ity  var ies  e r r a t ic a l ly  with pressure fo r  the 
system with 2.5 mol % methanol. The system with 1.0 mol % acetone shows 
a varying s e le c t iv i ty ,  but one which is  generally higher than that for  
pure carbon d ioxide. The data for  pure carbon dioxide solvent indicates  
a near constant s e le c t iv i ty .
Trichlorophenol Desorption Study
Data including retention volume, concentration, and fraction  
retained fo r  the desorption of 3,4,5 trichlorophenol from 20 mesh 
diotomaceous earth i s  presented in Table 28. Concentration versus 
retention volume is  plotted in Figure 25 and fraction  retained versus 
retention volume is  plotted in Figure 26. This data suggests that 
sim ilar toxic substances could eas i ly  be desorbed from material to any 
a r b i t r a r i ly  low concentration by contacting with su p e rc r it ic a l  ethylene.
5. CONCLUSIONS
1. S o lu b i l i t ie s  have been accurately measured for several polar  
and nonpolar substances in entrainer-doped superc r it ica l carbon dioxide* 
The data shows that s o lu b i l i t i e s  can be increased by several times over 
s o lu b i l i t i e s  in pure carbon dioxide due to the presence of the doping 
agent, e spec ia lly  for polar so lutes. The solute enhancement factor  
varies  l in e a r ly  with solvent density in these systems. In f in ite  
d ilu t ion  was assumed in these experiments.
2. The re la t iv e  s o lu b i l i t y  of phenanthrene and benzoic acid in 
entrainer-doped superc r it ica l carbon dioxide was studied and compared 
to data for pure carbon dioxide solvent. While the se le c t iv ity  for  
the polar benzoic acid Increased due to the polar doping agent, the 
se le c t iv ity  was not adequate to separate a mixture of phenanthrene and 
benzoic acid .
3. 3,4,5 trlchlorophenol was desorbed from 20 mesh dlotomaceous 
earth by contacting with su pe rc r it ica l ethylene. E ssentia lly  a l l  of 
the trlchlorophenol was removed from the dlotomaceous earth. The data 
suggests that s im ilar  toxic substances could be removed from materials  
by contact with supercr it ica l solvents.
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6 . RECOMMENDATIONS
1. S o lu b i l i t ie s  should be measured using solvents with higher 
concentrations of doping agents in order to determine how far so lu ­
b i l i t y  continues to increase with increasing concentration o f doping 
agent* Density data may have to be adjusted i f  the doping agent 
concentration became too high.
2. Studies should be continued for the remaining systems on the 
so lute-so lvent matrix (Table A) so trends for individual solutes in 
increasingly doped solvents could be observed*
3* The mixed solute study should be done using other doped solvent
systems to determine i f  consistent se le c t iv ity  data can be obtained*
A* The trichlorophenol desorption study should be repeated using
d if fe ren t  solvents* including entrainer-doped solvents* to determine 
the re la t iv e  e ffectiveness of solvent systems in desorption*
16
APPENDIX A
Experimental Data
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Table 5
S o lu b i l ity  Data for Phenazine in C02 with 2.5 moJ % Methanol
SOLUTE Phenazine
SOLVENT C02 with 2.5 mol % Methanol
TEMPERATURE 323 K
Pressure (MPa) 10Ay2 (mix) 104y2 (pure)
y2 (mix) 
y2 (pure) log 0
10.44 1.00 0.369 2.71 4.22
11.82 2.49 1.01 2.47 4.67
13.20 4.95 2.07 2.39 5.02
14.58 6.01 2.25 2.67 5.15
17.33 9.72 5.19 1.87 5.43
24.23 20.2 11.1 1.82 5.89
19
6.6
DENSITY CMOL/CC)
F ig u re  2 . Enhancement F a c to r  v e rsu s  D e n s ity  Isotherm  f o r  Phenazine in
CO2  w ith  2 ,5  m ol % M ethanol a t  323 K#
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Table 6
S o lu b i l i .y  Data fo r  Phenazine in C02 with 2.5 mol 7 Acetone 
SOLUTE Phenazine
SOLVENT co2 with :
TEMPERATURE 323 K
Pressure (MPa) 104y2 (mix)
10.44 1.24
11.82 3.33
13,20 4.59
14,58 5.41
17.33 10.0
24.23 15.6
34.57 18.7
mol % Acetone
y2 (mix)
y?. (pure) y2 (pure) log (E)
0.369 3.36 4.32
1.01 3.30 4.80
2.07 2.22 4.99
2.25 2.40 5.10
5.19 1.93 5.44
11.1 1.41 5.78
12.9 1.45 6.02
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Enhancement F a c to r  v e rsu s  D e n s ity  Isotherm  f o r  Phenazine in
C02 w ith  2 .5  mol % A cetone a t  323 K.
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SOLUTE Phenanthrene
SOLVENT C02 with 1,0 mol % Methanol
TEMPERATURE 323 K
T able  7
S o l u b i l i t y  Data f o r  Phenanthrene in  C02 wi th 1 . 0  mol X M ethanol
Pressure (MPa) 10^y2 (mix) 10^y2 (pure) ( 6)
y2 (mix) 
y2 (pure) log (E )
10.44 2.24 1.41 1.59 3.82
11.82 7.30 5.56 1.31 4.39
13.20 10.0 7.70* 1.30 4.57
14.58 12.8 8.70* 1.47 4.72
17.33 17.2 9.47* 1.82 4.92
24.23 27.1 16.9* 1.60 5.27
34.57 32.6 29.2 1.12 5.50
* Points generated by f i t .
Phenanthrene y I (pure) f i t :  y2 (pure) «  0.341067 x 10"9 <p5)
-  0.448989 x 10_6(p4) + 0.223986 x 10- 3(p 3)
-  0.526256 x 10-1 (p2) + 5.90118 (p) -  246.813
(p  in Bar)
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F igure  4
d e n s i t y  < n o t / c c >
Enhancement F a ctor  ve rsu s  D en sity  lsuthetffl f o r  Pbenanthrene In
C02 w ith  1 ,0  mol % Methanol at 323 K.
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Table 8
Solub i l i ty  Data for Phenanthrene in C02 with 3.9 mol 7 Methanol
SOLUTE Phenanthrene
-  0.526256 x 10_1 (p2) + 5.90118 (p) -  246.813
SOLVENT C02 with 3.9 mol % Methanol
TEMPERATURE 323 K
Pressure (MPa) 10^y2 (mix) 10^y2 (pure) (6)
y2 (mix) 
y2 (pure) log (E )
1 0.44 3.01 1.41 2.13 3.95
11.82 7.58 5.56 1.36 4.40
13.20 8,69 7,70* 1.13 4.51
14.58 12.8 8,70* 1.4 7 4,72
17.33 12.4 9,47* 1,31 4.78
24.23 58.4 16.9* 3,46 5.60
34.57 67.1 29.2 2.30 5.82
* Points generated by f i t .
Phenanthrene y2 (pure) f i t :  y2 (pure) »  0.341067 x 10*9 (p5)
-  0 .448989 x 10-<J (P4 ) + 0.223986 x 10*3 <p3)
(p in Bar)
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F ig u re  5 Enhancement F a c to r  v e rsu s  D en s ity  Isotherm  f o r  Phenanthrene in
C 0 2  w ith  3 -9  ®°1 % Methanol a t  323 K.
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T able  9
S o l u b i l i t y  Data f o r  Phenanthrene in  C02 w ith  5 .2  mol % M ethanol
SOLUTE Phenanthrene
SOLVENT C02 with 5.2 mol % Methanol
TEMPERATURE 323 K
Pressure (MPa) 104y2 (mix) 104y2 (pure) (6 )
y2 (mix) 
y2 (pure) 1°8 (E)
10.44 0.859 1.41 0.609 3.40
11.82 5.51 5.56 1.01 4.26
13.90 9.22 8.29 l.n 4.56
20.78 21.6 15.8* 1.36 5.10
34.57 37.4 29.2 1.28 5.56
41.46 137. 28.4 4.82 6.20
* Point generated by interpolation.
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F igure  6 .  Enhancement F a cto r  v e r s u s  D e n s ity  Isotherm  f o r  Phenanthrene in
C( > 2  w ith  5 .2  mol X  Methanol a t  323 K.
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T ab le  10
S o l u b i l i t y  Data f o r  Phenanthrene in  C02 w ith  1 .0  mol % Acetone
SOLUTE Phenanthrene
SOLVENT CO With 1.0 mol % Acetone
TEMPERATURE 323 K
Pressure (MPa) 10*y2 (mix) 10*y2 (pure) (6)
y2 (mix) 
y2 (pure) log (1
10.44 1.42 1.41 1.01 3.62
11.82 3.58 5.56 0.64 4.08
13.20 6.13 7.70* 0.80 4.36
14.58 9.64 8.70* l . n 4.60
17.33 19.8 9.47* 2.09 4.99
24.23 21.4 16.9* 1.27 5.16
34.57 22.6 29.2 0.77 5.34
44.90 40.9 44.2* 0.93 5.71
55.20 38.3 58.3** 0.66 5.76
* Points generated by f i t .
** Point generated by extrapolation.  
Phenanthrene y2 (pure) f i t !  y2 (pure) -  0.341067 *  lO-9  (p5)
-  0.448989 x lO-6 (p * )  + 0.223986 x 10-3 ( p 3)
-  0.526236 x 10-1 (pZ) + 5.90118 (p)  -  246.813
(p in Bar)
29
Figure 7 Enhancement Factor versus Density Isotherm for Phenanthrene In
C02 rool X Acetone at 323 K.
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SOLUTE Phenanthrene
SOLVENT C02 with 2.5 aol Z Acetone
TEMPERATURE 323 K
Table 1J
S o l u b i l i t y  Data f o r  Phenanthrene in C02 w ith  2 .5  mol t  A cetone
Pressure (MPa) 10^y2 (mix) 410 y2 (pure)
Z2.1nlx)
(6 )  y2 (pure) lOt (
11.82 9.91 5.56 I .78 4.52
13.20 17.7 7.7(1* 2.30 4.82
17.33 27.1 9.47* 2.86 5.12
24.23 41. 8 16*9* 2.47 5.46
34.57 56.3 29.2 1.93 5.74
* Points generated by f i t .
Phenanthrene y2 (pure) f i t :  y2 (P*tre) -  0.341067 x 10*9 (p5)
-  0 .448989 x IQ*6 (pS + 0.22398* x to*3 (p 3)
-  0 .526256 x 10-1 (p2) + 5.90118 (p )  -  246.813
(p in  Bar)
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Figtw re 8 Enhancement F a cto r  v e r s u s  dettedty
CO2  w it l i  2 .5  mol % A ce to n e  a t  323
lao&henn -for Phes^nclireee in 
K#
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SOLU1K Fluorene
SOLVLNT C02 with 1.0 mol % Acetone
TEHPHRATURK 323 K
T able  12
S o l u b i l i t y  Data f o r  F lu oren e  in C02 w ith  1 .0  mol 1  Acetone
Pressure (MPa) 10^y2 (mix) 10^y2 (pure) (6 )
(mix)
y2 (pure) (E)
10,44 2, 40 4.28 0.56 3.31
11.82 11,9 8.58* 1.39 4.06
13.20 15.8 13.0* 1.22 4.23
14.58 21.8 17.2* 1.27 4.41
24.23 44.7 35.2* 1.27 4.95
34.57 97.3 40.8* 2.38 5.44
* Points generated by f i t .
Fluorene y2 (pure) f i t :  y2 (pure) -  0.127589 x 10-11 (P )
-  0.187661 x lO-8  (p 5) + 0.111058 x 10-5 (p* )
-  0.336640 x 10“ 3 (p 3) + 0.540763 x 10_1 (p2)
-  4.04271 (p )  + 109.943
(p in  Bar)
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D E N S I T Y  C M O L / C O
F ig u re  9 . Enhancement F a cto r  v e r s u s  D en sity  Iso th erm  f o r  F lu oren e  in
CO  ^ w ith  1 ,0  mol % A ceton e  at 323 K.
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So lub i l i ty  Data for Fluorene in CO  ^ with 2.5 mol 7, Acetone
T able  13
SOLUTE
SOLVENT
TEMPERATURE
Fluorene
CO2 with 2.5 mol '% Acetone 
323 K
Pressure (MPa)
4 4 y.2 .i™.1*).
10 y2 (mix) 10 y2 (pure)  (6 )  y2 (pure) log (E)
11.82 .3.3 8.58* 1.55 4.11
13.20
9
15.4 13.0* 1.18 4.22
14.58 30.3 17.2* 1.76 4.56
17.33 54.7 23.9* 2.29 4.89
24.23 83.9 35.2* 2.38 5.22
34.5/ 87.6 4U.8* 2.15 5.39
* Points generated by f i t .
ene y2 (pure) f i t !  y2 (pure) -  0.127589 x 10~U  (p6)
-  0 .187661 x 10"8 (p5) + 0.111058 x 10"5 (p4)
-  0.336640 x 10-3 (p3) + 0.540763 x 10-1 (p2) -  4.04271 (P)
+ 109.943
(p in  Bar)
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F ig u re  10 . Enhancement F a cto r  v e r s u s  D en s ity  Isotherm  f o r  F lu oren e  in
CO, w ith  2 .5  mol X A ce ton e  a t  323 K.
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So lub i l i ty  Data for  Acridine In CO^  with 1,0 mol 7, Methanol
T able  14
SOLUTE Ac r Id 1 ne
SOLVENT CO  ^ with 1,0 mol % Methanol
TEMPERATURE 323 K
Pressure (MPa) 10^y2 (mix) 10^y2 (pure) (7 )
y2 (mix) 
y2 (pure) 1°8 (
9.41 0.240 0.290* 0.83 3.32
10.44 0.394 0.760 0.52 3.58
11.82 1.68 1.39 1.21 4.27
13.20 4.14 1.72 2.41 4.71
14.58 4,60 1.96 2,35 4.80
17,33 12.1 2.69 4.50 5.29
24.23 23.0 5.32 4.32 5.72
34.57 30.5 12.7 2.40 5.99
* Point generated by extrapolation
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F ig u re  11. Enhancement F a ctor  v e rs u s  D en sity  Isotherm  f o r  A c r id in e  in
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T ab le  15
S o lub i l i ty  Data for Acridine in CO2 with 2.5 mol 5l Methanol at 323 K
SOLUTE Ac ridine
SOLVENT CO„, with 2.5 mol t Methanol
TEMPERATURE 323 K
Pressure (MPa) lo'*y2 (mix) 10^y2 (pure) (7)
y2 (mix) 
y2 (pure ) log (E)
10.44 0.563 0.760 0.741 3.74
11.82 1.62 1.39 1.17 4.25
14.58 3.85 1.96 1.96 4.72
20.78 15.6 4.70 3.32 5.48
27.o7 41.5 5.88 7.06 6.03
34.57 65.3 12.7 5.14 6.32
41.46 26.7 10.2 2.62 6.01
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T ab le  16
So lub i l i ty Data for  Acridine in CO^  with 2,5 mol % Methanol at 343 K
SOLUTE Acridine
SOLVENT CO^  with 2.5 mol % Methanol
TEMPERATURE 343 K
Pressure (MPa) 10^y2 (mix) 10^y2 (pure) (7)
y2 (mix) 
y2 (pure) log (E)
i l  .82 1.88 0.608 3,09 3.89
14.58 5.07 2.07 2.45 4.41
17.33 11.3 5.85 1.93 4,84
24.23 23.9 15.1 1.58 5.31
31.12 59.8 30.8 1.94 5.82
41.46 98.1 37.5 2.62 6.16
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Figure 13# Enhancement Factor versus Density Isotherm for Acridine in 
C(>2 with 2.5 mol % Methanol at 343 K.
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S o lub i l i ty  Data for Acridine in CO- with 3.9 mol 7 Metha.iol
T a b le  17
SOLUTE Acridine
SOLVENT C02 with 1.9 mol 7, Methanol
TEMPERATURE 323 K
Pressure (MPa) 10^y2 (mix) iO^yi pute) (7 )
y2 (mix)
y2 (pure) log (E)
10.44 8.54 0.760 11.2 4.92
11.82 13.8 1.39 9.93 5.18
13.20 21.1 1.72 12.3 5.41
17.33 32.9 2.69 12.2 5.72
24.23 43.1 5.32 8.10 5.99
34.57 70.3 12.7 5.54 6.35
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Figure XA. Enhancement Factor versus Density Isotherm for Acridine in 
C02 with 3.9 mol % Methanol at 323 K.
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Tabic* 18
Solubi1i ' y Data for Acridine in CO^  with 1.0 mol 7, Acetone
SOLUTE Ac ridIne
SOLVENT C02 with 1,0 mol 7 Acetone
TEMPERATURE 323 K
Pressure (MPa) 10^y2 (mix) 104y2 (pure) (7) y T
(mix)
(pure) log (E)
10.44 0.928 0.760 1.22 3.96
11.13 1.85 1.00* 1.85
0
0
CM•
11.82 2.24 1.39 1.61 4.39
13.20 3.05 1.72 1.77 4.57
14.58 5.71 1.96 2.91 4.89
17.31 13.6 2.69 5.06 5.34
24.23 22.6 5.32 4.25 5.71
34.57 40.0 12,7 3.15 6.11
44.90 34.1 10.6 3.22 6.15
55.20 25.4 9.30* 2.73 6.12
* Points generated by interpolation
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Figure 15. Enhancement Factor versus Density Isotherm for Acridine In
COj with 1.0 mol Z Acetone at 323 K.
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T able  19
So lub i l i ty Data for Acridine in C02 with 2.5 mol % Acetone
SOLUTE Acridine
SOLVENT CO^  with 2.5 mol % Acetone
TEMPERATURE 323 K
Pressure (MPa) I0^y2 (mix) 10*y2 (pure) (7 )
y2 (mix) 
y2 (pure) log (E)
10.44 2,32 0.760 3.05 4,35
11.82 (>.49 1.39 4.67 4,85
14.58 11.0 1.96 5.61 5.17
16.60 12.4 2.26 5.49 5.28
20,78 25.5 4.70 5.43 5.69
27.67 24.3 5.88 4.13 5.80
34.57 37.7 12.7 2.97 6.08
38.01 40.9 12.9 3.17 6.16
44.90 24.3 10.6 2.29 6.01
55.20 20.0 9.30* 2.15 6.01
* Point generated by extrapolation
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Figure 16. Enhancement Factor versus Density Isotherm for Acridine in
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T ab le  20
S o l u b i l i t y  Data f o r  D ib en zo fu ra n  in  CO  ^ w ith  1 ,0  mol % Methanol
SOLUTE Dibenzofuran
SOLVENT C02 with 1,0 mol % Methanol
TEMPERATURE 323 K
Pressure (MPa) 10^y2 (mix) 10^y2 (pure) (7)
y2 (mix) 
y2 (pure) log (E)
9,41 2,84 21.4 0.13 2,92
9.75 9,79 18.3 0,54 3.47
10,44 23,5 12.2 1.93 3.88
11,82 53,8 28,9* 1.86 4.30
14.58 113. 48,8 2.32 4,71
17,33 102, 82.8 1.23 4.74
24,23 140, 127. 1,10 5.03
34.57 222. 171. 1,30 5.38
* Point generated by interpolation
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Figure 17 Enhancement Factor versus Density Isotherm fo r  Dlbenzofuran
In C02 with 1 .0  mol X  Methanol at 323 K.
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T able  21
S o l u b i l i t y  Data f o r  D iben zo fu ran  in  C02 w ith  1 .0  mol % Acetone
SOLUTE Dibenzofuran
SOLVENT C02 with 1.0 mol % Acetone
TEMPERATURE 323 K
Pressure (MPa) 10^y2 (mix) 10*y2 (pure) (7)
y2 (mix) 
y2 (pure) log (E)
10.44 21.9 12.2 1.80 3.85
11.82 34.8 28.9* 1.20 4.11
13.20 37.6 29.9 1.26 4.19
14.58 56.1 48.8 1.15 4.41
17.33 120. 82.8 1.45 4.81
24.23 169. 127. 1.33 5.11
34.57 335. 171. 1.96 5.56
* Point generated by interpolation.
51
E
N
H
A
N
C
E
h
E
N
T
F
A
C
T
0
R
L
0
8
D E N S I T Y  C M O L / C O
Figure 18. Enhancement Factor versus Density Isotherm for Dlbensofuran j
In CO, with 1.0 mol X Ace' at 323 K.
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T able  22
S o l u b i l i t y  Data f o r  D iben zo fu ran  in  CO  ^ w ith  2 ,5  mol X A cetone
SOLUTE Dibenzofuran
SOLVENT C02 with 2.5 mol 7. Acetone
TEMPERATURE 323 K
Pressure (MPa) 10Ay2 (mix) 10^y2 (pure) (7 )
y2 (mix) 
y2 (pure) log (E)
11.82 78.5 28.9* 2.72 4.46
13.20 114. 29.9 3.81 4.67
14.58 166. 48.8 3.40 4.88
17.33 209. 82.8 2.52 5.05
24.23 232. 127. 1.83 5.24
34.57 265, 171. 1.55 5.46
* Point generated by interpolation
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Figure 19. Enhanceaent Factor versus Density Isothere fo r  Dibenzofuran
In CfXj with 2 .5  n o l % Acetone at 323 K.
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Table 23
S o l u b i l i t y  Data f o r  F lu oren on e  In C02 w ith  1 .0  mol X Methanol
SOLUTE Fluorenone
SOLVENT CO  ^ with 1.0 mol % Methanol
TEMPERATURE 323 K
Pressure (MPa) 10^y2 (mix) l ' i4y2 (pure) (7 )
y2 (mix) 
y2 (pure) 1°R (
9.41 0.593 0.681** 0.871 3.32
10.44 0.990 0.756* 1.31 3.58
11.82 2.39 3.33* 0.72 4.02
13.20 16.7 8.40 1.99 4.91
14.58 21.9 14.0 1.56 5.07
24.23 33.7 35.2* 0.96 5.48
31.12 67.1 52.3* 1.28 5.89
38.01 97.6 89.9* 1.09 6.14
* Points generated by f i t .
**  Point generated by extrapolation.
Fluorenone y2 i(pu o) f i t :  y2 (pure) * 2*4025 x 10**11 (p S
-  0,.1714*4 \ 10-8 (p 3) + 0,401715 x K f 6 (p2)
-  X lo -5 (p ) -  0.17%^55 x 10-2
(p In liar)
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Figiirc- 20. Enhancement f a c t o r  v ersu s  D en s ity  Isotherm  f o r  Fluorenone
in CO w ith  L.O mol 7 , Methanol a t  323 K.
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T able  24
S o l u b i l i t y  Data f o r  F luorenone In CO  ^ w ith 1 ,0  mol t  A cetone
SOLUTE
SOLVENT
TEMPERATURE
Fluorenone
CO., with 1.0 mol 'X  Acetone 
32 3 K
Pressure (MPa) 104y2 (mix) 10^y2 (pure)
y2 (mix)
(7) y2 (pure) log (I
10.44 2.65 0.756* 3.51 4,01
11.82 13,1 3* 33* 3.93 4.76
13.20 17.4 8.40 2.07 4.93
*> • cn oc 23.7 14.0 1.69 5.11
24.23 49*0 35.2* 1.39 5,64
34.57 106. 66.8* 1.59 6,13
* Points generated by f it.
Fluorenone y2 (pure) f i t :  y2 (pure) * 0.244025 x 10 ^  (p^)
- 0.173419 x 10"8 (p3) + 4.05755 x to- 6  ( P 2 )
-  0.940328 x 10-5 (p) -  0.176055 x 10-2
(p in Bar)
57
D E N S I T Y  C h O L/C C >
Figure 2 1 ,  Enhancement F a cto r  v e r s u s  D en sity  Isotherm  f o r  F luorenone
in  CO2  w ith  1 ,0  mol % A ce ton e  a t  323 K.
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Table 25
So lub ility Data for Phenanthrene and Benzoic Acid in C02 with
2.5 mol Z Methanol
SOLUTE Equimolar Mixture o f Phenanthrene and Benzoic Acid
SOLVENT C02 with 2.5 mol 7, Methanol
TEMPERATURE 308 K
Pressure (MPa) 10^y2 (Phenanthrene) 10^y2 (Benzoic Acid) Se lec t iv ity
16.0 1.14 3.73 3.27
20.0 2.44 2.38 0.975
24.0 2.83 5.61 1.98
28.0 4.82 6.09 1.26
- l i s  - r # i f c - ' P B  ■ ; v S B ; ■ k id m -: , ; k& k  % £ S :/'■■ k  ■ ■ ,Vj;■ » . . , S  B :y ;  k J ' i k ■ '>*'A :■&.-$■ S a S - ' - ' , s ■ ; . . ■ ■ . ■ : ^ r . *&■■■:■ . v « ^SAA^i-r
3 .25
2.75
2.26
1.76
1.26
.76
16. 26. 26. 66. 
17.6 22.6 27.6
PRESSURE CMPA5
Figure 22. S e le c t iv ity  versus Pressure fo r  an Equimolar Mixture o f
Phenanthrene and Benzoic Acid in CO, with 2.5 mol %
Methanol at 306 K. 1
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Solubility Data for Phenanthrene and Benzoic Acid in COj
with 1.0 mol X Acetone
Table 26
SOLUTE Equimolar Mixture of 
Acid
Phenanthrene and Benzoic
SOLVENT CO2 with 1.0 mol X Acetone
TEMPERATURE 308 K
Pressure (MPa) 103y2
3
(Phenanthrene) 10 y2 (Benzoic Acid) Selectiv ity
12.0 1.36 2.70 1.99
16.0 1.77 3.18 1.80
20.0 1.58 3.45 2.18
24.0 2.67 5.51 2.06
28.0 3.23 6.00 1.86
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PRESSURE CHPA3
F ig u re  23, S e l e c t i v i t y  v e r s u s  P ressu re  f o r  an Equimolar M ixture o f
Phenanthrene and B en zo ic  A c id  in  C02 w ith  1 ,0  mol %
A cetone  a t  308 K. 1
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T able  27
So lu b il ity  Data for Phenanthrene and Benzoic Acid in Pure CO2 (9 )
SOLUTE Equimolar Mixture of Phenanthrene and Benzoic Acid
SOLVENT co2
TEMPERATURE 308 K
I03y2 103y2
Pressure (MPa) (Phenanthrene) (9) (Benzoic Acid) (9 ) Se lect iv ity
12.0 1.02 1.84 1.80
16.0 1.36 2.44 1.79
20,0 1.63 2.95 1.81
24.0 1.87 3.28 1.75
28.0 2.05 3.70 1.80
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CMPA3
F igu re  24 , S e l e c t i v i t y  v e rsu s  P re s su re  f o r  an Equimolar M ixture  o f
Phenanthrene and B en zo ic  A cid  in  Pure CO  ^ a t  308 K ( 9 ) .
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Data for Desorption of 3,4,3 Trichiorophenol from 20 Mesh 
Diotomaceous Earth using Ethylene
T a b l e  28
SOLUTE
SOLVENT
TEMPERATURE
PRESSURE
SOLUBILITY
3,4,5 Trichiorophenol desorbed from 20 Mesh 
Diotomaceous Earth
Ethylene
323 K
20,0 MPa
y2 -  4.17 x 10-3
Retention Volume (cc SCF) Concentration (tng/cc) Fraction Retained
22,6 7,75 1,000
58.9 13.0 0.838
81,5 10.6 0,583
99,6 10,6 0.495
117,7 10.1 0.410
135,8 10,0 0.326
153.9 8.51 0.256
172.0 7.79 0,190
190.1 7.79 0.125
208.2 5.75 0.076
226.3 4.34 0.063
244,4 1.60 0.027
282,5 2.20 0.008
280.6 1.03 0,060
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Figure 25. Concentration versus Retention Volume for 3,4,5
Trlchlorophenol Desorbed from 20 Mesh Dlotomaceous 
Earth using Ethylene at 323 K and 20.0 MPa.
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Figure 26. Fraction Retained versus Retention Volume for 3*4^ 
Trichlorophenol Desorbed from 20 Mesh Diotomaceous 
Earth using Ethylene at 323 K and 20*0 MPa.
APPENDIX B
Error Analysis
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A typ ica l s o lu b i l i t y  and enhancement factor w i l l  be calcu lated
along with appropriate propagation of error ca lcu la t ions . A l l  assumptions
are made based on the greatest possib le  e rro r .
P * p + p -  psat 
meas man I^O l^O
P ■ 750.0 i  0.1 torr  man
Pm o ■ 0.5 ± 0.1 in 1^0 « 0.934 ± 0.187 torr 
at 295.4 K - 20.070 + 0.001 torr (2)
t^O
P - 750.0 + 0.934 -  20.070 - 729.0 torr mea.
APmea.“ '^ APnan)2+<4P'' n>2+<AP“ *>2 " / (0 . 1) 2+ (0 . 187) 2+ (0 .001) 2 - 0.212 torr
"2 ° ' h2o-
V  . .  - 729.0 ±0.2  torr meas
„NTP Pmea. Vaaa. ,TNTP 
Traeas PNTP
V - 0.10 t 0.005 f t 3 - 2832 ± 142 cm3meas
T o - 295.4 t 0.1 K meas
TNTP - 273.15 K
PNTP - 1,000 atm - 760.0 torr
VOTP - 1 2 ^ 1 ^ (2 7 3 0 5 )  .  2, 5U>9 c„3
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AVNTP-
PIT. _ „ AV_
. 2 f ATmea s 2 NTI> /  0.2 2 142 2 , ,  0.1 , 2 (2511.9)
} ( T 5 <V ) - / ( 72T0> + ( 2l32) + ( 2 ? 5 ^ )
measN2 . , measx ., e s* ,..NTP
•p-------- > + v---------meas meas meas
auNTP , 3  AV * 126 cm
NTP 3V ir  «  2512 ± 126 cnr
mols solvent *
rNTP
NTP
C0„
3
-  22,261.5 1 0.1 ^  (8 )
2 512
mols solvent * * 0,113 mols9 fcOl , J
A(mols so lvent) •  / r ^ j ) 2 (0.113) -  0.006 mols
mols solvent * 0*113 t 0*006 mols
mols solute * weight co llected  
molec* wt, solute
0*1000*0*0001 g
180.2210.01 g/Sol 5.549x10”4 mols
A (mols s o l u t e ) - / ( | i ^ ^ r + ( ^ ^ ^ p  (5.549xl0"4 )-5 .56*10-7 raols
-4
mols solute ■ (5,549 * 0,006) x 10 mols
*2
mols solute
mols solute + mols solvent 
.-45.549x10
5.549xl0-4 + 0.113
•  4.887 x 10-3
A(mols solute+mols so lvent) -  / ( 6 x l 0 )* + (0 ,0 0 6 )2 • 0.006 mols
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/,0.006,2 , ,0.006,2 ,, ,„-3 , „ r„„ ,„-4» ( c;- ~ .~ ) + b " n ' i ) (A .887 x 10 ) * 2.595 x 10Ay2 ' '5 .549 ' ’ '0.113
y2 -  (4.89 ± 0.26) x 10-3 5,3% uncertainty
L X
,sa t
p -  10.44 + 0.07 MPa
P8at -  (6.234 ± 0.001) x 10-8  MPa
.-3
E -  V ff ix lQ  A M M 4,) ,  818,922
6.234x10
AE ■ /<?iil)2+(i§i S )2+(o 5i)2 <818*922> * 43«887
E -  818,922 i  43,887 5.4% uncertainty
By tracing the source o f  error i t  Is  apparent that nearly a l l  of the 
e rro r  re su lts  from the uncertainty In the volume read on the wet test
meter
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APPENDIX C
Nomenclature
72
E -  Enhancement Factor
p * Experimental Pressure
Pjj q ■ Pressure Drop Across Wet Test Meter
psat
h20
p
man
Pmeas
pNTP
psat
T
Tb
T«
Tmeas
XNTP
HTP
CO
-  Vapor Pressure of Water
■ Ambient Barometric Pressure  
«  Corrected Solvent Pressure
■ Reference Pressure (1,000 atm)
* Vapor Pressure
* Temperature
■ B o iling  Point Temperature
* Melting Point Temperature
* Temperature o f the Wet Test Meter
* Reference Temperature (273,15 K)
■ Molar Volume of CO  ^ at Reference Conditions
Vmeas
VNTP
H
y2 (mix) 
y2 (pure) 
A 
M
Volume Read on Wet Test Meter
Solvent Volume at Reference Conditions 
Mole Fraction Solute in Solution
Mole Fraction Solute in  Solution with Entralner-Doped Solvent 
Mole Fraction Solute in Solution with Pure COg Solvent 
Uncertainty in 
Dipole Moment
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